The assembly and stability of polyelectrolyte multilayers (PEMs) was studied with the tracer 125 I-Poly-Llysine together with chondroitin sulphate on microstructured titanium surfaces (µSLA). PEM assembly followed an exponential growth curve, which is mimicked by rhBMP-2 binding on glass slides during assembly. PEM disassembly occurred with a half life of 695 ± 205 days over 21 days.
Introduction
The layer-by-layer (LBL) method, introduced by Decher et al. in 1992 [1] for constructing polyelectrolyt multilayers (PEMs), has opened an exciting new field for creating biofunctionalized surface coatings [2] [3] [4] . Currently PEMfilm deposition can generally only be analyzed on extremely smooth or transparent surfaces. The effective osteoinductive dose of recombinant human bone morphogenetic protein (rhBMP-2) in humans is ca. 1000-fold higher than in animals [5, 6] , necessitating high loads on implants, for which polyelectrolyte multilayers offer the potential. In the present work, we prepared 125 I-poly-Llysine (PLL) and chondroitin sulfat (CS) multilayers on microstructured SLA-titanium surfaces for the first time. This isotope method allows the analysis of PEM buildup and stability on non-transparent, rough surfaces.
Materials and Methods
Two types of substrate materials were employed: (i) Borofloat® 33 borosilicate glass discs (diameter 15 mm, thickness, 0.7 mm; Schott Technol. Glass Solutions GmbH, Jena) [2] and (ii) Titanium miniplates (10 mm x 5 mm x 1 mm; Morphoplant GmbH, Bochum) with ultrahydrophilic sand-blasted, acid etched (µSLA) surface [7] , industry standard for dental implants, were employed. Poly-L-lysine hydrobromide (PLL) (m~30-70 kDa), chondroitin sulfate from shark cartilage (CS) (m~15-40 kDa) were from Sigma, Munich. Self-prepared rhBMP-2 [8, 9] (biological activity equivalent: K 0.5~5 -20 nM [9, 10] ) was employed as 125 I-rhBMP-2 [8] . On the glass discs (triplicates) up to 20 bilayers of PLL/CS-films were prepared by dipping them 15 min alternately in the polyelectrolyte solutions, PLL and CS, containing 1 mg/ml in 25 mM HEPES, 137 mM NaCl buffer at pH 7.4 [2] and characterized according to [11] . After the final layer had been adsorbed, the discs were washed and then dried in a N 2 -flow and stored dry at 5°C (see [2] ). Discs were loaded with 125 I-rhBMP-2 (1.5 ml; 0.1 mg/ml in 20 mM sodium acetate, pH 4.5) at ~22 °C for 12-14 hours and then washed to remove residuals. For use on µSLA Ti-miniplates 125 I-Poly-L-lysine (= 125 I-PLL) labelled with Bolton-Hunter reagent was used by mixing "hot" i.e. radioactive ( 125 I-BH-PLL; specific radioactivity 2.5 x 10 6 cpm/mg) and "cold" non-radioactive" ( 127 I-BH-PLL) as described for protein labelling [12] . PEMs composed of ( 125/127 I-PLL-CS) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] were prepared on µSLA miniplates at ~ 22 °C as previously described at pH 7.4 [2] except that the solutions of PLL and CS contained 4 mg/ml. The build-up of PEMs on the Ti-SLA-miniplates (triplicates) was measured after each layer deposition in a -counter. The decay of the PEMs was determined at ~ 22 °C as 125 I-PLL release in 2 ml PBS-buffer pH. 7.4 [2] over 21 days. At the indicated times the buffer was exchanged after washing and the radioactivity on the miniplates (triplicates) was counted. Data were fitted by the PC program Prism 4 for Windows [9] . Spontaneous decay of 125 I (t 1/2 =60d) was corrected for.
Results and Discussion
First indications for a novel way of monitoring exponential growth of PEMs (PLL-CS) n were obtained on glass discs from the adsorption of 125 I-rhBMP-2 to such layer pairs reflecting exponential growth (Fig. 1) . Therefore 125 I-PLL was prepared as a general tracer for PEM assembly. Fig. 3 . Burst phase release (6%) occurs with a t 1/2 = 41 min and sustained release (94%) with a t 1/2 = 695 ± 205 days. Changes in the stability of PEMs on perturbation can now be studied.
98). See also ref.[2]. (mean ± SD, n = 3). PLL: poly-L-lysine; CS: chondroitin sulphate
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